We have investigated the X-ray spectral properties of a sample of 138 X-ray sources detected serendipitously in XMM-Newton observations of the Galactic plane, at an intermediate to faint flux level. We divide our sample into 5 subgroups according to the spectral hardness of the sources, and stack (i.e. co-add) the individual source spectra within each subgroup. As expected these stacked spectra show a softening trend from the hardest to the softest subgroups, which is reflected in the inferred line-of-sight column density. The spectra of the three hardest subgroups are characterized by a hard continuum plus superimpose Fe-line emission in the 6-7 keV bandpass. The average equivalent width (EW) of the 6.7-keV He-like Fe-Kα line is 170 
INTRODUCTION
From the ground breaking discoveries of missions, such as Uhuru, , that date back over three decades, right through to the present era of observatory class missions, such as Chandra, XMM-Newton and Suzaku, the study of X-ray bright Galactic sources has been a key theme within high energy astrophysics. As a result we now have extensive knowledge of the most luminous X-ray emitters in our Galaxy (with X-ray luminosity typically in the range 10 35−38 erg s −1 ), which in the main can be divided into either low-mass or high-mass X-ray binaries (LMXBs or HMXBs) powered by the accretion of matter onto either a neutron star or black hole (e.g. Grimm, Gilfanov & Sunyaev 2002; Ebisawa et al. 2003) . At intermediate X-ray luminosities (nominally 10 32−35 erg s −1 ) other types of source in addition to X-ray binaries enter the mix, including bright supernova remnants, cataclysmic variables (CVs) powered by accretion onto a white dwarf star, massive stars with shock-heated winds and the most extreme coronally-active binaries, such as RS CVn systems ⋆ E-mail:rsw@le.ac.uk (e.g. Hertz & Grindlay 1984; Motch et al. 2010 ). Finally at relative low X-ray luminosities (LX < 10 32 erg s −1 ) the local population of coronally-active stars and binaries dominate the source statistics, particularly in the soft X-ray regime (e.g. Güdel 2004 ).
Despite the great advances in our understanding of the various classes of Galactic X-ray source, our knowledge of the population properties, such as the number density, the exact form of the luminosity function and the Galactic distribution, remains very incomplete. This is of particular relevance for modern day Galactic surveys conducted in the hard X-ray band (i.e. above 2 keV) where, for sources of intermediate luminosity, the visible volume can extend beyond the Galactic Centre to encompass the bulk of the Galactic disc. Ideally one would use such surveys to construct large samples of identified sources from which the properties of the various populations might be inferred. In practice the identification of the counterparts to hard X-ray sources in the Galactic plane, even with sub-arcsec X-ray positions, is extraordinarily difficult due to the crowded nature of the star fields and the effects of extinction at optical and near-infrared (NIR) wavelengths (e.g. Ebisawa et al. 2005; Laycock et al. 2005 ; van den ). Even when likely counterparts are identified, their follow-up, including distance determination, can often present significant challenges (e.g. Motch et al. 2010; van den Berg et al. 2012; Nebot Gómez-Morán et al. 2013) .
One way of constraining the properties of low to intermediate luminosity, source populations is through their integrated emission. In the Galactic context, the spectrally hard Galactic Ridge X-ray Emission (GRXE) (Worrall et al. 1982; Warwick et al. 1985; Koyama et al. 1986a; Yamauchi et al. 1996) has been interpreted both in terms of the superposition of faint point sources (Sugizaki et al. 2001; Revnivtsev et al. 2006; Yuasa et al. 2012) and as a highly energetic, very high temperature phase of the interstellar medium (Koyama et al. 1986b; Kaneda et al. 1997; Tanaka 2002) , amongst other possibilities (e.g. Valinia et al. 2000) . The GRXE is seen as a narrow ridge of emission extending out to |l| ∼ 60
• , but with a surface brightness that peaks towards the Galactic Centre (Yamauchi & Koyama 1993; Revnivtsev et al. 2006; Koyama et al. 2007 ). In the 4-10 keV band the spectrum of the GRXE matches that of 5-10 keV optically-thin CIE thermal plasma with prominent Fe-lines at 6.67 and 6.97 keV arising from K-shell emission in He-like and H-like ions (Koyama et al. 1986a; Kaneda et al. 1997 ). An Fe Kα line at 6.4 keV resulting from the fluorescence of neutral or near-neutral iron is also evident in the X-ray spectrum of the GRXE Ebisawa et al. 2008; Yamauchi et al. 2009 ). Hereafter we refer to the three prominent Fe Kα lines as the 6.4-keV, 6.7-keV and 6.9-keV lines. Below 4 keV, emissions lines of abundant elements such as Mg, Si, S, Ar and Ca are also evident in the spectrum of the GRXE, with the intensity ratios of the K-lines associated with the He-like and H-like ions of each element (including those of Fe) indicative of a multitemperature plasma (Kaneda et al. 1997; Tanaka 2002) . The temperature structure appears to be similar at different locations along the GRXE, with the exception of the region within a degree or so of the Galactic Centre (Uchiyama et al. 2011 (Uchiyama et al. , 2013 .
It has also been reported that above 10 keV the GRXE spectrum exhibits a hard powerlaw tail, which extends to the hard Xray/γ-ray region Valinia & Marshall 1998; Strong et al. 2005; Krivonos et al. 2007) .
Recent studies have shown that the GRXE surface brightness follows that of the NIR light associated with the old stellar population of the Galaxy . Also very deep Chandra observations have directly resolved over 80% of the GRXE near the Galactic Centre into point sources (Revnivtsev et al. 2009 ). Taken together this is compelling evidence for the origin of the bulk of GRXE in the integrated emission of point sources, although there is still some debate as to whether there might remain some excess emission attributable to a distinct very hot diffuse component within 2 degrees of the Galactic Centre (Uchiyama et al. 2011 (Uchiyama et al. , 2013 Heard & Warwick 2013; Nishiyama et al. 2013) .
The next key step is to identify the Galactic source population or populations that give rise to the GRXE. The first requirement, in this regard, is that the source population should have a sufficiently high volume emissivity (essentially the product of the mean space density and mean X-ray luminosity) to explain the observed surface brightness of the GRXE. A second constraint is that the integrated spectrum of the sources should match the observed spectrum of the GRXE. In this context it has been proposed that a mix of magnetic CVs plus coronally-active binaries may have sufficient spatial density and hard X-ray luminosity to account for the bulk of the GRXE and its extension into the Galactic Centre (Muno et al. 2004; Sazonov et al. 2006; Revnivtsev et al. 2006; Revnivtsev et al. 2008) . Also, CVs and active binaries have marked spectral similarities to the GRXE Tanaka & Yamauchi 2010; Yuasa et al. 2012) . However, as noted earlier, the current uncertainties relating to the population properties and statistics leave many of the details of this model to be confirmed.
In Warwick, Pérez-Ramírez & Byckling (2011;  hereafter Paper I), we investigated the serendipitous X-ray source population in the Galactic plane, utilising the Second XMM-Newton Serendipitous Source Catalogue (2XMMi; Watson et al. 2009 ). The current paper (Paper II) builds on the work in Paper I by focusing on the X-ray spectral properties of a subset of sources with relatively good photon statistics. In Paper I, we showed that the great majority (i.e. >90%) of the spectrally-soft X-ray sources may be identified with relatively local coronally-active stars; however, the nature of the spectrally-hard X-ray sources remains unclear. The goal of the current paper is therefore to investigate the X-ray spectral properties of a sample of sources representative of the source population present in the Galactic plane at intermediate to faint X-ray fluxes. A key question is whether a reasonable number of such sources have the characteristics of CVs, consistent with the hypothesis that CVs contribute significantly to the GRXE.
The remaining sections of this paper are organised as follows. In the next section we discuss how we defined our source sample and extracted X-ray spectral data for each source from the XMM-Newton science data archive. To carry out meaningful spectral analysis, we have divided our sample of sources into 5 subgroups based on the source spectral hardness and stacked (i.e. coadded) the individual source spectra within each subgroup ( §3). In §4, we analyse and compare the stacked spectra for the different subgroups. We go on to investigate the incidence of longer wavelength counterparts by cross-correlating our X-ray source positions with NIR catalogues ( §5). In section §6 we discuss our results in the context of the likely contribution of magnetic CVs to the GRXE. Finally we briefly summarize our main conclusions.
THE SOURCE SAMPLE AND DATA REDUCTION
In Paper I we discuss the selection and properties of a sample of 2204 serendipitous X-ray sources drawn from 116 XMMNewton observations with pointings in the Galactic plane towards the central quadrant of the Galaxy. Here we focus on a subset of sources from this original sample with a view to extending the spectral analysis beyond the hardness ratio and 'band index' considerations of Paper I.
The selection of objects for this new study was based on the following requirements: (i) the source was detected in the EPIC pn camera in an observation in which the medium filter was deployed; (ii) there were a nominal 200-1200 pn counts associated with the source (more specifically the product of the 0.5-12 keV pn count-rate times the effective source exposure time was in the quoted range); (iii) if there were multiple observations of the same source, the observation with the longest exposure time and/or better quality data was selected. After applying these criteria, the sample reduced to 138 sources drawn from 63 different XMM-Newton observations (hereafter we refer to this set of 138 sources as the current sample).
Brief details of the sources comprising the current sample are given in the Appendix. The distribution in Galactic longitude and latitude is shown in Fig. 1 . The bulk of the sources are located within ±1
• of the Galactic plane and roughly 20 per cent lie within ≈ 1
• of the Galactic Centre. In Paper I we categorised sources as spectrally hard or soft hardness ratio within the current sample. The vertical dotted lines define the ranges used to select the 5 source subgroups (see Table 1 ). (b) The median photon energy (keV) in the source spectrum plotted versus the broad-band hardness ratio for each source.
depending on whether their broad-band hardness ratio, HR 1 , was positive or negative. In keeping with the parent sample, the current sample splits fairly evenly into the soft and hard source categories as illustrated in Fig. 2(a) . An alternative approach to the use of hardness ratios to classify the spectral properties of X-ray sources with limited count statistics is to employ 'quantile' analysis (e.g. Hong et al. 2004 ) and, in that context, Fig. 2(b) compares the median photon energy in the (background-subtracted) source spectrum, E 50% , with the corresponding value of HR for each source. For the current sample, E 50% ranges from 0.5 keV at the soft extreme up to to a maximum of ≈ 6 keV for the hardest sources.
Given that the source selection is based on a total count criterion, there is a wide spread in the count rates of the selected objects. For the great majority of the sources the count rate is in the range 5-100 pn count ks −1 in either or both of the soft and hard bands (cf. fig. 5 in Paper I). For the soft sources, the flux range sampled is 0.1-2 ×10 −13 erg cm −2 s −1 (0.5-2 keV) and for the hard sources, 0.6-12 ×10 −13 erg cm −2 s −1 (2-10 keV). The present analysis is based on spectral data solely from the EPIC pn camera. We extracted the pn spectrum of each source using the XMM-Newton Science Analysis System (SAS) and standard techniques. In brief, each dataset was reprocessed in order to apply the most recent calibration and screened for high background flares by applying a cut when the full-field count rate in the 10-12 keV band exceeded 0.4 ct s −1 . Only single or double X-ray events were chosen with PATTERN = 0-4 and with FLAG = 0 (the latter excluding events close to chip gaps and bad pixels/columns). The source spectra were extracted within a circular region of radius r = 35 arcsec (= 700 pixels) for most of the sources. However, for 13 sources the radius of the source extraction region was calculated using the SAS task REGION in order to minimise possible contamination from nearby sources. The background was taken from a circular extraction region with a radius of r = 120 arcsec (= 2600 pixels); in general, the background region was positioned on the same CCD chip as the source (or occasionally on an adjacent chip). Finally, the redistribution matrix files (RMFs) and the ancillary response files (ARFs) were created using RMFGEN and ARFGEN for each individual source spectrum.
STACKING OF THE SOURCE SPECTRA
After background subtraction, the net number of counts actually recorded for each source was typically in the range 100-800 (see Table A1 ). The measured counts were generally reduced compared to the prediction used in source selection due to two effects; the loss of signal lying in the wings of the PSF outside of the source extraction circle and the use of a more stringent threshold for the data filtering than employed in the production of the 2XMMi catalogue.
Since individually the sources have insufficient counts for detailed spectral analysis (although see §4.2), the full sample of 138 sources was divided into 5 subgroups (H, MH, MD, MS and S) based on the source spectral hardness (see Fig. 2 and Table 1). Within each of these five subgroups the source spectra were stacked. After applying a scaling so as to match the area of the background region to that of the source extraction region, the associated background spectra were similarly co-added. The RMF and ARF files of each individual source spectrum were combined by using the FTOOL MARFRMF v.2.2.0. Thereafter, the individual output files from MARFRMF were combined in ADDRMF v.1.21 so as to give a total response file applicable to the stacked spectra for each source subgroup. Finally, the spectra were binned using the FTOOL GRPPHA; 8-channel binning (of the 4096 input PHA channels) was employed in the case of the spectra pertaining to the H, MH and MD subgroups, whereas for the MS and S subgroups, 4-and 8-channel binning was applied to the PHA ranges 0-511 and 512-4095, respectively.
Source statistics for the five subgroups are given in Table 1 . Summed over the full set of 138 sources, 40972 pn counts were recorded in the 0.5-12 keV band, net of the background.
The spectra of the five subgroups after background subtraction are illustrated in Fig. 3 , together with the composite spectrum for the full sample. A very clear spectral softening trend is evident from the H through to the S subgroups (rather as expected). The spectra of subgroups H and MH show strong soft X-ray absorption and also evidence for Fe-features in the 6-7 keV band. The MD subgroup spectrum retains a hard tail out to ∼7 keV, which is barely present in the spectrum of MS subgroup and completely absent from that of the S subgroup.
X-RAY SPECTRAL ANALYSIS
The analysis of the 5 stacked spectra was carried out using XSPEC version 12.8.1 (Arnaud 1996) . The spectral fits were limited to the energy range 2-9 keV for the H subgroup and to 1-9 keV for both the MH and MD subgroups. In each case, data between 7.8 and 8.3 keV were excluded in order to eliminate the effect of background subtraction residuals pertaining to the Kα Cu fluorescence lines in the detector background. For the MS and S subgroups, we used the energy range 0.5-5 keV.
The spectral models
The X-ray spectra of the H, MH and MD subgroups were investigated using a spectral model comprising a powerlaw continuum plus three Gaussian emission lines at fixed energies of 6.41, 6.68, and 6.96 keV. As noted earlier, these three lines correspond to Kα emission from neutral (or near neutral) Fe-atoms, He-like Fe-ions and H-like Fe-ions, respectively. The intrinsic widths of the three lines were fixed at σ = 30 eV (e.g. Koyama et al. 2007; Capelli et al. 2012) . The emission components were subject to a line-of-sight absorption column density, NH , (using phabs in XSPEC). A joint fit was employed, initially, with only the powerlaw photon index, Γ, tied across the three datasets. The results of this analysis are summarized in the first three lines of Table 2 , where the line strengths are quoted in terms of their equivalent width (EW) with respect to the underlying continuum. Here the errors are at 90% confidence, except for the upper limit which is quoted at 3σ.
From the results in Table 2 , it is evident that the simple absorbed powerlaw plus lines model provides a reasonable description of the data. The hardness ratio selection criterion used to define the three source samples is reflected in the derived NH which varies from ≈ 8 × 10 22 cm −2 for the H subgroup through to ≈ 3 × 10 21 cm −2 for the MD subgroup. The derived photon index, Γ = 1.55 ± 0.07, demonstrates that the sources contributing to the stacked spectra have, on average, rather hard continuum spectra. When the powerlaw continuum is replaced by a thermal bremstrahlung continuum, a correspondingly high temperature is derived, kT = 19 +6 −4 keV, with only marginal changes in the other spectral parameters and the χ 2 of the fit. The presence of a 6.7-keV Fe line is a feature common to the H, MH and MD subgroups. There is also evidence for the 6.9-keV line in the H and MH spectra and weakly in the MD spectrum. Similarly the 6.4 keV Fe line is detected in the spectra of the two hardest subgroups, but not in the MD spectrum. Fig. 4 illustrates the form of the measured spectrum and the corresponding best-fitting spectral model in the region of the iron-line complex for the H subgroup.
In order to determine the line EWs averaged over the three datasets we repeated the absorbed powerlaw plus Fe-lines spectral fitting with the EWs of the three lines tied across the H, MH and MD spectra (in addition to the photon index of the powerlaw continuum). The result is reported in Table 2 on the line labelled Joint-EW. In summary the average EW of the 6.7-keV line measured in the full sample of sources with HR > −0.2 is ≈ 170 eV, with the 6.4-keV and 6.9-keV lines coming in at approximately half this value.
A simple absorbed powerlaw model provided a poor description of the spectra pertaining to the MS and S subgroups. Accordingly these spectra were fitted using a two-temperature thermal plasma model, which is a commonly used approximation for systems exhibiting a broad span of emission measure versus temperature. In XSPEC this was achieved by employing two apec components with a tied metal abundance Z⊙. The latter parameter was, nevertheless, allowed to vary (as a single scale factor applied to the standard solar abundance ratios defined by Anders & Grevesse 1989) . The same foreground column density was assumed to apply to both thermal components.
The fitting of the spectrum of the softest subgroup resulted in temperatures close to 0.5 keV and 1.0 keV for the cooler and hotter components, respectively -as reported in the lower section of Table 2 . In this model the 1-keV component contributes 68% of the observed 0.5-2 keV flux. The inferred metal abundance within thermal plasma is extremely subsolar, but this is most probably an artefact of the two-temperature spectral approximation, as has been noted by many authors (e.g. Strickland et al. 2000) . The combination of the low derived NH and a two-temperature description of the emission spectrum are fully consistent with the underlying source population being nearby, coronally-active stars.
We next attempted to use the same emission model (kT values fixed at 0.5 and 1 keV and Z⊙ set to 0.13) to fit the spectrum of the MS dataset but failed to obtain a satisfactory result. In fact, the presence of a (modest) hard tail within this dataset requires a hotter thermal component, with the additional NH likely masking the soft emission characterized by the 0.5-keV component. The best fit obtained when the temperature of the latter component was allowed to vary is reported in Table 2 . In this case the 1-keV emission is the cooler component with the hotter ∼ 3 keV emission contributing 51% of the observed 0.5-2 keV flux. The inferred column density for the MS subgroup is approximately three times that of the S subgroup. If we (naively) interpret this in terms of the MS sources being typically at three times the distance of those in the S subgroup, then the implication is that the former are on average an order of magnitude more X-ray luminous (since the same flux threshold applies in the two cases). The hotter emission of the MS subgroup might therefore reflect higher levels of coronal-activity and the probable inclusion of some active binaries.
Given that coronally-active stars and binaries likely dominate the MS and S subgroups, but certainly not the MH and H subgroups (see Paper I and §5), it is safe to assume that the MD subgroup includes both soft and hard population objects. When we reconsider the spectral fitting of the MD subgroup (in this case in the restricted 1-5 keV band), we find that the inclusion of a 1-keV thermal plasma The best-fitting parameters from the spectral fitting of an absorbed powerlaw plus emission lines model to the spectra of the H, MH and MD subgroups. The columns give the derived column density, N H , the photon index, Γ, the equivalent width, EW, of the three Fe lines and the reduced χ 2 ν and number of degrees of freedom ν for the fit. Lower section: The best-fitting parameters from the spectral fits to the spectra of the S, MS and MD subgroups, incorporating various combinations of thermal plasma and powerlaw components. The columns list N H , Γ, two plasma temperatures kT cool and kT hot , the derived metal abundance Z ⊙ relative to solar. The reduced χ 2 ν and the number of degrees of freedom ν for the fit are also quoted. component (along with the Γ = 1.55 powerlaw) gives a significant improvement to the fit (as measured by ftest routine in XSPEC). The best-fit parameters for this powerlaw plus thermal model are provided as the last entry in Table 2 . In this model, the thermal component contributes roughly 20% of the 1-5 keV flux. Thus the MD subgroup does seem to comprise a mix of source populations. We note, however, that the presence of a number of sources with intrinsically soft spectra in the MD subgroup is unlikely to have an undue impact on the Fe-line EW measurements, since such sources will contribute little to either the lines or the underlying continuum in the 6-7 keV band.
Fe-line properties of the individual sources
In order to investigate the contribution of individual sources to the Fe-line emission in the H, MH and MD subgroups, we extracted the counts recorded for each source in a narrow bandpass (of width 240 eV) centred on each Fe line. The level of the underlying continuum appropriate to each measurement was also estimated based on a linear interpolation of the counts recorded in two 'continuum' bands (each of width 600 eV) centred at 5.94 and 7.54 keV. Fig. 5 shows a plot of the net line counts in the 6.4-, 6.7-and 6.9-keV lines versus the hardness ratio for the full set of sources that comprise the three subgroups. In this figure the data points plotted in red correspond to those sources for which the line measurement represents a 'detection' at or above the 2.5σ significance level. The number of sources with directly detectable lines at 6.4, 6.7 and 6.9 keV is 2, 6 and 1, respectively, with just one source exhibiting more than a single line (158770 -with twin features at 6.7 and 6.9 keV). A summary of the Fe-line properties of these 8 sources is provided in Table 6 . In broad terms, Fig. 5 confirms the results of the spectral fitting of the source subgroups. In the case of the 6.7-keV line, there is a positive bias in the EW measurements, particularly for the sources within the H and MH categories (HR > 0.2). The 6.4 and 6.9 keV measurements also fit this description.
There is a suggestion that the relatively high line EWs measured in the MH subgroup (see Table 2 ) may be due to the influence of two sources -source 168031 which has a relatively bright 6.4 keV line and, as noted above, source 158770 which exhibits detectable line features at both 6.7 and 6.9 keV. Fig. 6 illustrates the X-ray spectra of these two sources in comparison to the spectra of two 'typical' sources drawn from the H subgroup, one with a detectable 6.4-keV line and the other with a 6.7-keV feature. If we exclude the two sources identified above from the MH sample, the impact is to reduce the EW values tabulated for the MH subgroup in Table 2 by about 30%; however, such an exclusion would be somewhat arbitrary.
NIR COUNTERPARTS OF THE SOURCES
We have searched for potential NIR counterparts of the Xray sources in the current sample by cross-matching the XMMNewton source positions with the Two Micron All Sky Survey (2MASS) 2 (Cutri et al. 2003; Skrutskie et al. 2006 ). The methodology for the cross-matching was essentially the same as that reported in Paper I, where full details are provided.
We found that of the 59 sources in the S and MS subgroups, 53 (90%) have a bright (KS < 14) 2MASS star within a 3σ error radius of the X-ray position (i.e. within an error circle with radius equal to 3 times the X-ray position error quoted in the 2XMMi 'slim' catalogue 3 ). There are 3 further likely 2MASS counterparts if the error circles are extended to 3.25σ. The remaining 3 sources include one instance where the 2MASS catalogue suffers from the confusion of a bright nearby star and, similarly, two instances where the X-ray position may be marginally offset due to the confusion of a nearby X-ray source. In short, virtually all of the soft X-ray sources have plausible NIR-bright counterparts, the majority of which are likely to be nearby, coronally-active stars and binaries (see Paper I).
The NIR associations for the harder spectral subgroups are much less complete. For the MD subgroup, 13 sources out of 22 (59%) have bright (KS < 14) 2MASS objects in a nominal 3σ Xray error circle, whereas for the MH and H subgroups the statistics are 10 out of 25 (40%) and 8 out of 32 (25%), respectively. The average (area-weighted) 3σ error circle radius for the current sample of sources is 2.5 arcsec. Utilising a set of positions offset from each X-ray position, we find that, for these Galactic plane fields, the corresponding chance coincidence rate with 2MASS stars brighter than KS = 14 is 15%. Fig. 7 summarises these statistics. The implication is that, at least within the MD and MH subgroups, a sizeable minority of sources may have real identifications with bright NIR stars.
We have plotted a NIR two-colour diagram for the 2MASS stars contained within the X-ray error circles in Fig. 8 (but excluding sources with relatively poor photometry for which the 2MASS Q flag = U in one or more bands). In this diagram the bulk of the objects associated with X-ray sources in the S and MS categories fall on the locus of late-type main sequence stars with relatively low reddening. In contrast, the stars linked to the X-ray sources in the MD through to H subgroups are characterized by an increasing degree of reddening.
We have also plotted a colour-magnitude diagram for the same set of NIR objects in Fig.9 (as the circular symbols) . This figure also shows the tracks of several different types of stellar objects in the colour-magnitude plane assuming that the visual absorption, AV , in the Galactic plane increases at the rate of 2 mag kpc −1 Figure 5 . The net counts of the 6.4-keV (top panel), 6.7-keV (middle) and 6.9-keV (bottom panel) Fe lines versus the hardness ratio for each source. The red data points represent the sources with a significant (2.5σ) number of net counts in the line (see Table 3 ). Table 3 . The 8 individual sources in which one or more of the Fe-lines (at 6.4, 6.7 and 6.9 keV ) was detected above 2.5σ. The table lists the net count in the three lines for each source and also quotes the EW if the line was detected above 2.5σ. Net cts (6.9 keV) 0.1 ± 3.0 8.6 ± 3.7 3.4 ± 4.8 18.6 ± 5.7 -1.6 ± 3.0 3.8 ± 4.7 6.2 ± 5.0 (equivalent to AJ = 0.56 mag kpc −1 ; AK = 0.224 mag kpc −1 ). We use a compilation of NIR magnitudes for CVs (Ak et al. 2007 (Ak et al. , 2008 to estimate the absolute magnitude and intrinsic colour typi- cal of a CV. Similarly, the NIR properties of the dwarf, giant and supergiant stars are taken from Covey et al. (2007) . This figure illustrates rather clearly that if the association of an X-ray source with a highly reddened, but relatively bright NIR star (with, say, J −KS > 1.0 and KS < 14) is real, then it is unlikely that we are dealing with either a distant luminous CV or a very coronally-active dwarf (F-M) star. The basic point is that if we interpret a high degree of reddening as indicative of a relatively large distance (i.e. assuming that the reddening is not a feature of the very local environment of the source) then rather faint magnitudes are implied for dwarf stars. It is much more tenable that the association is with either a latetype giant or a bright supergiant (e.g. Mauerhan et al. 2009 Mauerhan et al. , 2010 Motch et al. 2010; Nebot Gómez-Morán et al. 2013 ). The former category includes RS CVn binaries containing a G-or K-type giant twinned with a sub-giant or main sequence companion, which are characterized by enhanced, high-temperature coronal emission driven by tidal interactions (e.g. Agrawal, Riegler, & White 1981) . If, for example, we observe an RS CVn system containing a K3III giant at KS = 10, then the implied distance is ≈ 2 kpc. For a limiting flux in the hard band of, say, 2 × 10 −13 erg cm −2 s −1 (2-10 keV), the implied X-ray luminosity, LX , is ≈ 10 32 erg s −1 , which is plausible for the most active systems. If the counterpart to the Xray source is a massive early-type star such as a Wolf-Rayet star or an OB-supergiant, then a significant X-ray flux above 2 keV may be produced in shocked regions within an unstable wind or, in the case of massive binaries, in the colliding winds. As is evident from Fig.9 , in this case a KS magnitude of 10 or fainter implies a hardband X-ray luminosity considerably greater than 10 32 erg s −1 , which points to either a binary (or multiple) massive star system or the presence of an accreting high-mass X-ray binary (Paper I; Mauerhan et al. 2010; Anderson et al. 2011 and references therein) . Fig.9 also shows a cluster of points representative of the colours and magnitudes of known CVs, when translated to a common distance of 2 kpc, based on the compilation of CV NIR magnitudes and distances reported by Ak et al. (2007 Ak et al. ( , 2008 . As noted above for a distance of 2 kpc, our hard band limiting flux corresponds to an X-ray luminosity of ≈ 10 32 erg s −1 . Clearly, in order to identify such a population of sources amongst our sample of hard X-ray sources, one would need to go to significantly fainter NIR magnitudes than are probed by 2MASS. Typically such conterparts would have KS > 15, but be subject to only a modest degree of interstellar reddening. The problem, of course, is that in the Galactic plane at these faint IR magnitudes, the chance incidence rate of stars may become excessive, at least when using the typical few arcsec error circles available from XMM-Newton .
By way of an experiment, we have selected a subset of the hard X-ray sources (within the MD, MH and H subgroups) which have relatively small X-ray error circles (3σ error circle radius 1.5 ′′ ) and for which deep NIR imaging is available from the United King-dom Deep Sky Survey (UKIDSS) 4 (Lawrence et al. 2007) . Of the 18 X-ray sources meeting this criterion, we have found possible NIR associations in 9 cases. These are shown as the diamond symbols in Fig.9 . Two of these NIR objects (both linked to H subgroup sources) are located in the region of the diagram where we might expect to find X-ray luminous CVs. Interestingly a search of the catalogues held at VizieR 5 shows that one of these objects is a known Intermediate Polar (also known as SAX J1748.2-2808; Ritter & Kolb 2003; Sidoli et al. 2006; Nobukawa et al. 2009) . A VizieR search on the full sample of hard X-ray sources also revealed a handful of other likely identifications, including several high reddened sources near the Galactic Centre previously studied by Mauerhan et al. (2009) , two LMXB (Liu et al. 2007 ), a Bestar HMXB (Ebisawa et al. 2003 ) and a potential AM HER object (Motch et al. 2010) .
In summary, our cross-correlation with NIR catalogues demonstrates that virtually all the soft X-ray sources in our sample (comprising the S and MS subgroups) can be associated with a bright late-type stellar counterpart possessing an active stellar corona. The nature of the Galactic population or populations underlying the hard X-ray sources (comprising subgroups H, MH and MD) is less clear-cut, although highly coronally-active systems such as RSCVn binaries, wind dominated objects such as Wolf-Rayet stars and OB-supergiants and accretion-powered systems ranging from CVs, through to LMXB and HMXBs, all contribute to the mix. Extragalactic interlopers, predominantly Active Galactic Nuclei (AGN) seen through the high column density of the Galactic plane may also represent a significant (maybe 50%) fraction of the hardest subgroup of sources (Paper I; Hands et al. 2004) . However, our analysis does provide a hint that an appropriate combination of sub-arcsec X-ray positions and deep high resolution NIR imaging has the potential to reveal an increasing number of CV counterparts, at least in surveys reaching intermediate rather than very deep X-ray flux thresholds.
DISCUSSION
Currently, the leading candidate for the unresolved source population contributing to the GRXE is magnetic CVs, nearby examples of which typically have 2-10 keV X-ray luminosities in the range from 10 31 -10 34 erg s −1 (e.g. Ezuka & Ishida 1999; Sazonov et al. 2006; Revnivtsev et al. 2008 ). In principle this includes both polars (where the spin and orbit are synchronized or nearly synchronized) and Intermediate Polars (IPs) (where the orbital period is much longer than the white dwarf spin period). However, the plasma temperatures of polars are somewhat lower than in IPs due to enhanced cyclotron cooling (e.g. Cropper et al. 1998) and it is likely that IPs contribute most to the hard X-ray (> 5 keV) volume emissivity.
In magnetic CVs, an accretion shock is generated above the white dwarf surface, which heats the accreting material to temperatures kT > 15 keV. The resulting highly-ionised, optically-thin plasma cools in the post-shock flow and, eventually, settles onto the white dwarf surface through an accretion column. The resulting X-ray spectrum comprises a complex blend of contributions generated at differing temperatures, densities and optical depths (e.g. Cropper et al. 1999; Yuasa et al. 2010) . As well as a hard continuum, the X-ray spectra of magnetic CVs are characterized by a complex of iron-K lines including strong He-like, H-like and fluorescent components, the latter arising from the illumination of the surface of the white dwarf and/or the outer regions of the accreting flow by the hard continuum.
In a study of 20 magnetic CVs observed by ASCA, Ezuka & Ishida (1999) found the characteristic temperature of the underlying hard continuum to be typically kT ∼ 20 keV. Although with a large source-to-source scatter, the average EW of the 6.4-keV, 6.7-keV and 6.9-keV lines across this CV sample were roughly ∼ 100 eV, ∼ 170 eV and ∼ 100 eV, respectively. Similar average EWs were reported in the parallel study by Hellier, Mukai & Osborne (1998) . More recently, Hellier & Mukai (2004) investigated the X-ray spectra of 5 magnetic CVs observed at high spectral resolution with the Chandra High-energy Transmission Grating (HETG). Within this limited sample the average EWs were ∼ 120 eV, ∼ 160 eV and ∼ 110 eV for the 6.4-keV, 6.7-keV and 6.9-keV lines, respectively. Finally, Bernardini et al. (2012) report the detection of intense Fe-Kα line emission in the X-ray spectra of 9 recently identified IPs and quote the EW of the 6.4-keV fluorescent line, in all cases, to be in the range 130-220 eV.
In our earlier analysis ( §4), we found that the emission spectra of the three hardest subgroups could be represented as a hard continuum plus Fe-lines. We modelled the hard continuum as a powerlaw of photon index Γ = 1.55 but obtained equivalent results when the powerlaw was replaced by a thermal bremstrallung continuum with kT ≈ 20 keV. The average EW of the He-like Feline at 6.7 keV was 170 +35 −32 eV. Similarly, the EWs of the 6.4-keV and 6.9-keV Fe-lines were 89 +26 −25 eV and 81
+30
−29 eV, respectively, i.e. roughly half that of the 6.7-keV line. Evidently, these spectral characteristics are fully consistent with those of known magnetic CVs.
The inference is that a sizeable fraction of our current hard band sample may be magnetic CVs, albeit with counterparts which are in general too faint to pick out reliably from available NIR catalogues. However, it is necessary to consider what impact non-CV interlopers might have on the measurements deriving from the stacked (i.e. sample-averaged) spectra. For example, we noted in §5 that, based on source count estimates, AGN might contribute up to 50% of the hardest subgroup of sources. Compton-thin AGN are characterized by powerlaw continuum spectra with Γ ≈ 1.7 plus a prominent Fe fluorescence line with an EW typically in the range 20-120 eV (see Fukazawa 2011; Chaudhary et al. 2012 and references therein). Clearly any dilution of the CV contribution by AGNs would tend to reduce the EW of the 6.7-keV and 6.9-keV lines, whilst having relatively little impact on the 6.4-keV measurements. There is perhaps slight evidence for this from a comparison of the results from the three hardest subgroups (on the presumption that the high column density through the Galactic disc places AGN preferentially in the hardest subgroup); however it seems unlikely that this has introduced a strong overall bias in our Fe-line EW measurements.
Having demonstrated, on spectral grounds, that magnetic CVs very likely represent a significant Galactic population at the intermediate to faint X-ray fluxes encompassed by our XMMNewton source sample, what are the implications for the origin of the GRXE? In a recent study of the distribution of Kshell line emission along the Galactic plane observed by Suzaku , Uchiyama et al. (2013) find that the average EW of the 6.4-keV, 6.7-keV and 6.9-keV lines associated with the GRXE are ≈ 110 eV, ≈ 490 eV and ≈ 110 eV (see also Ebisawa et al. 2008; Yamauchi et al. 2009 ). As noted by Uchiyama et al. (2013) and other authors, although the 6.4-keV and 6.9-keV line EWs mea-sured for the GRXE match those of magnetic CVs, it appears that the EW of the 6.7-keV line is in a factor of 2-3 times higher than is typical of such systems.
Of course, our present measurements pertain to sources with X-ray fluxes down to a limiting threshold of roughly 2 ×10 −13 erg cm −2 s −1 (2-10 keV), by which point less than ∼ 10% of GRXE intensity has been resolved (Hands et al. 2004; Ebisawa et al. 2005) . In fact it has been pointed out that in order to resolve 90% of the GRXE, a sensitivity limit of ∼ 10 −16 erg cm −2 s −1 (2-10 keV) will be needed, encompassing sources with luminosities as low as 10 29−30 erg s −1 at the Galactic Centre distance (Revnivtsev et al. , 2009 (Revnivtsev et al. , 2011 Morihana et al. 2013) .
At these much fainter fluxes and luminosities, the balance across the various X-ray emitting populations will very likely change (e.g. Morihana et al. 2013 -although for a counter argument see Ruiter et al. 2006; Hong et al. 2009; Hong 2012) . For example, non-magnetic CVs, which comprise the majority of the local CV population, are well-established sources of X-ray emission at the lower end of the range of the luminosity exhibited by magnetic systems (Baskill et al. 2005; Rana et al. 2006; Byckling et al. 2010; Reis et al. 2013 ) and hence may make a substantial contribution. Conceivably Galactic scale influences such as the metallicity or binarity of the stellar population may also play a role. For example, a significant increase in the number density of extreme RSCVn binaries towards the inner galaxy (e.g. Revnivtsev et al. 2011) , with spectra dominate by relatively hard (∼ 3 keV) coronal plasma, could in principle provide the required 6.7-keV EW enhancement.
CONCLUSIONS
We have shown that the average spectral properties, particularly the Fe-line properties, of hard X-ray sources discovered serendipitously at intermediate to faint fluxes in XMM-Newton observations of the Galactic plane match those of known magnetic CVs. Unfortunately this X-ray source population is too faint to be readily identfied via the cross-correlation of the XMM-Newton positions with current NIR source catalogues. However, our analysis does provide an indication that, in Galactic X-ray surveys extending down to a modest 10 −13 erg cm −2 s −1 (2-10 keV), an appropriate combination of sub-arcsec X-ray astrometry and deep high-resolution NIR imaging will reveal substantial numbers of (relatively high-LX) CVs.
Although, the stacked spectra of the hard XMMNewton sources show a fair resemblance to the integrated spectrum of the GRXE, there are some differences in detail, notably a factor 2-3 discrepancy in the observed EW of the 6.7-keV He-like Fe line. This discrepancy presumably stems from the changing makeup of the X-ray source population at a flux threshold some three orders of magnitude fainter than probed by the XMM-Newton observations.
